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INTRODUCTION
Childhood acute myeloid leukemia (AML) is uncommon and childhood AML associated with clonal mast cells is extremely rare. Translocation (8; 21) associated AML is seen in 10-20% of all AML cases and the frequency is similar in pediatric and adult population. [1] The current WHO classification divides mastocytosis into two major categories: Cutaneous and systemic. [2] Bone marrow (BM), liver, and spleen are commonly involved in the systemic variant. Systemic mastocytosis (SM) with associated clonal nonmast cell lineage disease (SM-AHNMD) occurs in approximately 20% of cases of SM and shows the presence of an associated clonal myeloid malignancy. [3, 4] Myelodysplastic syndromes, chronic myelomonocytic leukemia, AMLs, and particularly AML associated with t (8; 21) (q22; q22) are commonly seen. [2] However, t (8; 21) (q22; q22) associated AML with SM in the pediatric population is extremely rare with few case reports in literature describing this entity. [5] [6] [7] CASE REPORT A 7-year-old girl presented with complaints of fever, abdominal distention, and weakness for a month. Examination revealed the presence of pallor, petechial rash, and splenomegaly. The patient did not show evidence of skin involvement or mast cell mediator release symptoms. Complete blood count revealed low hemoglobin (7.2 g/dL) and thrombocytopenia (platelets of 30 × 10 9 /L) and leukocytosis (total leukocyte count of 33.89 × 10 9 /L). Peripheral smear examination revealed 24% blasts which expressed cytochemical myeloperoxidase (MPO). BM aspirate was hypercellular and showed myeloid predominance with dyspoiesis along with relative suppression of erythroid and megakaryocytic series. BM showed the presence of 70% blasts with few showing Auer rods. In addition, it revealed dense aggregates (>15 cells) of round to ovoid shaped, densely granular mast cells, some having spindle-shaped morphology [ Figure 1 ]. Toluidine blue stain highlighted metachromatic granules. BM biopsy also revealed similar findings with aggregates of mast cells as highlighted by c-KIT immunostain. The facility to determine serum tryptase levels was not available at our institution, and hence tryptase levels are not provided here. Flow cytometric immunophenotyping (10 color antibody panel, BC Navios) was done including a specially designed tube for detecting an abnormal mast cell phenotype. BM aspirate sample was processed by bulk lyse-stain-wash method and analyzed using Kaluza analysis software (Beckman Coulter). Abnormal blasts gated out on CD45 versus side scatter plot revealed a myeloid phenotype. Blasts expressed dim CD45, moderate CD34 and HLADR, heterogeneous This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 3.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms.
For reprints contact: reprints@medknow.com CD13 and CD19, and moderate CD33 and CD38 along with cytoplasmic MPO [ Figure 2 , Row A] The blasts were negative for CD117, CD11b, CD15, CD16, CD10, CD20, CD22, CD79a, CD66c, CD123, CD58, CD3, CD7, CD5, CD4, and CD8. CD56, known to be associated with KIT mutations in AML, was weakly expressed. Mast cells were isolated using their bright CD117 expression and high side scatter. They also expressed bright CD33, bright CD25 with dim CD2 [ Figure 2 , Square D]. Mast cells were negative for HLADR and CD123. Fluorescence in situ hybridization (FISH) with the dual color dual fusion AML1/ETO probe was performed on interphase and metaphase cells from the BM aspirate. The signal pattern revealed AML1/ETO (RUNX1T1/RUNX1) fusion with an additional copy of AML1/ETO (duplication of derivative 21). There was no evidence of 9q deletion. Analysis for FLT3-ITD (FMS-related tyrosine kinase 3), NPM1 (nucleophosmin 1), and CCAAT-binding enhancer protein alpha mutations using multiplex polymerase chain reaction (PCR) in combination with fluorescence-based capillary electrophoresis was negative. The c-KIT D816V mutation was tested on whole BM by allele-specific PCR was also negative. The final diagnosis of SM with t (8; 21) (q22; q22) associated AML (SM-AHNMD) was rendered.
She was started on induction chemotherapy with high dose cytarabine in view of t (8:21). However, postinduction BM was not in remission and revealed 75% blasts. A high sensitivity multicolor flow cytometric assay was used to detect the presence of minimal residual disease (MRD). Postinduction flow analysis showed 58% residual disease. Abnormal mast cells also persisted along with the abnormal myeloid blasts. FISH with dual color dual fusion AML1/ETO probe performed on interphase and metaphase cells from the BM aspirate also showed the persistence of AML1/ETO (RUNX1T1/RUNX1) fusion in 90% of the cells. Induction phase was followed by two cycles(#) of cytosine arabinoside, daunorubicin, and etoposide (ADE). After the first cycle [ Table 1 ], BM morphology showed 6% blasts and revealed 0.6% MRD positive on FCI [ Figure 2 , Row B]. AML1/ETO (RUNX1T1/RUNX1) fusion by FISH also persisted in 3% of the BM cells. Although the BM showed 7% blasts on morphology after the second cycle of Table 1 .
DISCUSSION
SM-AHNMD is seen in approximately 20% cases of SM. Although WHO 2008 [2] mentions the expression of CD25 and/or CD2 as diagnostic criteria, the CD25 expression has been reported to be more specific than CD2 expression in neoplastic mast cells. [8] Mast cells in this case showed strong CD25 but weak CD2 expression. Bright CD117 expression and lack of CD123 can help distinguish mast cells from basophils. 9q deletion has been reported as the most common additional cytogenetic abnormality in t (8; 21) (q22; q22) associated AML especially in myelomastocytic leukemia (AML with increased BM mast cells not meeting criteria for SM). This additional cytogenetic abnormality seen in 15-35% of t (8; 21) (q22; q22) cases and up to 14% of pediatric t (8; 21) (q22; q22) associated AML [1, 3] was not seen in our case.
A point mutation leading to substitution of valine for aspartic acid in (ASP816VAL or D816V) the catalytic domain of c-KIT is also a part of the WHO criteria to define SM. This mutation, first described by Nagata et al. in SM, is also seen in 10-25% cases of AML t (8; 21) (q22; q22) and is associated with a dismal prognosis. [3, 9] The expression of CD56 by leukemic blasts correlates with the presence of KIT D816V mutation [1] was not evident in our case. It is believed that the abnormal mast cells and leukemic blasts arise from the same clone. [4] This has been proven by detecting the presence of RUNX1-RUNX1T1 or c-KIT mutations in both mast cells and leukemic blasts in those cases of AML associated with mastocytosis.
Some studies have reported that the mast cells become more prominent following the clearance of blasts after initiation of therapy. [10] Our case showed dense aggregates of mast cells right from the outset which persisted despite aggressive therapy. Although AML with t (8; 21) (q22; q22) has been categorized in the good prognostic group, the presence of a KIT mutation and/or associated SM indicates dismal prognosis. [1, 3, 9, 10] This may be partially due to the chemoresistance of mast cells as evidenced by their persistence post-therapy and in some cases even post stem cell transplantation. [3, 10] Although the patient's BM showed 7% blasts on morphology after 2# of ADE on FCI, they did not show any leukemia-associated immunophenotypes and showed maturation patterns that are consistent with normal maturing myeloid blasts.
We present this report of SM associated with t (8; 21) (q22; q22) as a rare disease, more so in the pediatric population. Its presence abrogates the good prognostic impact of the recurrent t (8; 21) (q22; q22) translocation and hence we would like to emphasize the importance of appropriate work-up for SM in patients with AML with t (8; 21) (q22; q22).
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